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ABSTRACT 

We present new empirical calibrations of the Red Giant Branch (RGB) Bump and 
Tip based on a homogeneous near-Infrared database of 24 Galactic Globular Clusters. 
The luminosities of the RGB Bump and Tip in the J, H and K bands and their depen- 
dence on the cluster metallicity have been studied, yielding empirical relationships. 
By using recent transformations between the observational and theoretical planes, we 
also derived similar calibrations in terms of bolometric luminosity. Direct comparison 
between updated theoretical models and observations show an excellent agreement. 
The empirical calibration of the RGB Tip luminosity in the near-Infrared passbands 
presented here is a fundamental tool to derive distances to far galaxies beyond the 
Local Group, in view of using the new ground-based adaptive optics facilities and, in 
the next future, the James Webb Space Telescope. 
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1 INTRODUCTION 



This is the second in a series of papers aimed at studying 
the Red Giant Branch (RGB) photometric properties and 
its major evolutionary features in t he near-Infrared (IR) 
spectral domain. In the first paper iValenti et al.l l2004bl 
hereafter Paper I) an extensive database, collected by our 
group over the last 10 years, has been presented. By combin- 
ing a new sample of 10 Galactic Globular Clusters (GGCs) 
belonging to different galactic popula tions (i.e. Ha l o and 
Bulge) with the data set publi s hed bylf^rraro et alJ i200'ol 
hereaf ter FOO), IValenti et all (l2004al) and ISolhma et alJ 
i2004l hereafter S04), a homogeneous sample of 24 GGCs 
spanning a wide metallicity range (— 2.12^ [Fe/H]^-0.49) 
has been obtained (see Table 0. In Paper I, the entire 
database, calibrated in the Two Micron All Sky Survey 
(2MASS) photometric system, has been used to measure 
a set of photometric indices describing the RGB; i) loca- 
tion (colours and magnitudes), and ii) morphology (slope). 
Updated calibrations of these indices in terms of the clus- 
ters metallicity have been also derived. More details on the 
dataset can be found in Paper I. 

In the present paper the major RGB evolutionary features. 



* Based on data taken at the ESO-MPI 2.2m Telescope equipped 
with the near-IR camera IRAC2-ESO, La Silla (Chile). 



namely the Bump and the Tip, are measured in the J, H 
and K bands. Their calibrations as a function of the clusters 
metallicity, in both the observational and theoretical planes, 
are derived and discussed. 

The RGB Tip luminosity is a bright standard candle and 
turns to be particularly useful to measure galaxy distances. 
The extension of the RGB Tip calibrations to the near-IR 
passbands is of fundamental importance since the recent ad- 
vent of ground-based adaptive optics systems and the future 
availability of the James Webb Space Telescope are allowing 
to spatially resolve bright giants and to accurately measure 
their magnitudes up to a few Mpc distances. 
In §2 and $ we measure the near-IR magnitudes of the RGB 
Bump and Tip, respectively, of our sample of 24 GGCs 
and we investigate their behaviour with varying the clus- 
ter metallicity. The results of the transformations between 
the observational and theoretical planes for the RGB Bump 
and Tip luminosities are presented in §4. Finally, in §5 we 
briefly summarize our results. 



2 THE RGB BUMP 

Theoretical models of stellar evolution predict that at some 
level along the RGB, the convective envelope penetrates 
deep enough into the star to reach the region of varying hy- 
drogen abundance settled during the core hydrogen-burning. 
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Table 1. Adopted parameters for the program clusters. 



NGC 6441 



Cluster 


[Fe/H]cG97 


[M/H] 


E(B-V) 


(m-M) 


M 92 


-2.16 


-1.95 


0.02 


14.78 


M 15 


-2.12 


-1.91 


0.09 


15.15 


M 68 


-1.99 


-1.81 


0.04 


15.14 


M 30 


-1.91 


-1.71 


0.03 


14.71 


M 55 


-1.61 


-1.41 


0.07 


13.82 


u) Cen 


-1.60 


-1.39 


0.11 


13.70 


NGC 6752 


-1.42 


-1.21 


0.04 


13.18 


M 10 


-1.41 


-1.25 


0.28 


13.38 


M 13 


-1.39 


-1.18 


0.02 


14.43 


M 3 


-1.34 


-1.16 


0.01 


15.03 


M 4 


-1.19 


-0.94 


0.36 


11.68 


NGC 362 


-1.15 


-0.99 


0.05 


14.68 


M 5 


-1.11 


-0.90 


0.03 


14.37 


NGC 288 


-1.07 


-0.85 


0.03 


14.73 


M 107 


-0.87 


-0.70 


0.33 


13.95 


NGC 6380 


-0.87 


-0.68 


1.29 


14.81 


NGC 6342 


-0.71 


-0.53 


0.57 


14.63 


47 Tuc 


-0.70 


-0.59 


0.04 


13.32 


M 69 


-0.68 


-0.55 


0.17 


14.64 


NGC 6441 


-0.68 


-0.52 


0.52 


15.65 


NGC 6624 


-0.63 


-0.48 


0.28 


14.63 


NGC 6440 


-0.49 


-0.40 


1.15 


14.58 


NGC 6553 


-0.44;-0.06* 


-0.36;-0.05* 


0.84 


13.46 


NGC 6528 


-0.38;-l-0.07* 


-0.31;+. 05* 


0.62 


14.37 



(*) The most recent met allicity estimate by m eans of high reso- 
lution spectroscopy from lCarretta et alj i200ll) . 



When the convective envelope retreats from the advancing 
H-burning shell, a discontinuity in the H abundance profile 
(X) is left. Thus, the advancing H-burning shell (i) passes 
through the discontinuity and (ii) moves from a region of 
increasing X to a region of constant X. Event (i) generates 
a temporary drop in luminosity during the evolution of the 
star along the RGB: from an observational point of view 
this evolutionary hesitation yields to a peak in the differen- 
tial luminosity function (LF). Event (ii) produces a change 
in the evolutionary rate of the star along the RGB, hence a 
change of the integrated LF slope. ICrocker fc RoodI lll990ll 
have made an extensive study of the best observable to lo- 
cate the RGB Bump, concluding that the integrated LF is 
a su itable tool to reliably l ocate it. 

iFusi Pecci et al.l (Il990l) and more r e centlvlFe rraro et alJ 
J1999D. FOO IZoccali et aP Jl999l.[2000l):ICho fc Led J2002D : 
iRiello et al] ll2003l) : IValenti et alJ ^2004a^ and S04 showed 
how this feature can be safely identified in most of the cur- 
rent generation of optical and IR CMDs of GGCs, and also 
in other stellar syste ms (see e.g lBellazzini et al.l2001bll2002l : 
iMonaco et~ai] 120021) . Basically, the main difficulty in de- 
tecting the RGB Bump is represented by the necessity of 
a large observed sample of RGB stars. This becomes partic- 
ularly difficult in the case of low-metallicity GGCs, where 
the Bump occurs in the brightest portion of the RGB, which 
is an intrinsically poorly populated sequence, due to the 
high-evolutionary rate of stars at the very end of the RGB 



RGB-Bump 



H \ V- 




Figure 1. Observed integrated (upper panel) and differential 
(lower panel) luminosity function for RGB stars in NGC 6441. 
The dashed lines in the upper panel are the linear fits to the 
region above and below the RGB Bump. 



stage. Following the same procedure as in FOO we identi- 
fied the RGB Bump in most of the clusters in our sample 
and in all the available photometric bands, by using both 
the differential and integrated LFs. As an example. Fig. 
shows both the LFs for the metal rich cluster NGC 6441. 
In the case of M 30, our sample is not sufficiently large to 
reach a safely detection of the Bump. In order to increase 
the fraction of the sampled cluster population, complemen- 
tary data from the 2MASS catalog have been also used. 
The RGB Bump identified from our data was re-computed 
on the combined catalog. The inferred Bump K-magnitude 
values can be transformed into V-magnitudes by using the 
(V-K)o colours. The derived values are fully consistent with 
the direct d etermination of the Bump V-magnitudes listed 
in Tab. 5 of iFerraro et al.l Jl999l) . 

The observed values of the RGB Bump for the global 
cluster sample are listed in Table|21 By adopting the redden- 
ing and distance moduli listed in Tabled these values were 
converted into absolute magnitudes and their behaviour 
with varying the metallicity in the ICarretta fc GrattonI 
Jl997l hereafter GC97) (fFe/H]cG97) and in the global 
( [M /H] ) scale defined by iFerraro et alJ (119981) have been 
shown in Figs. Handel By using 2MASS data. ICho fc Led 
(2002) determined the Mk Bump for 11 GGCs, 7 in common 
with our sample, spanning a quite large metallicity range. 
Their esti mates are in nice ag reement with those of this 
work, FOO. IValenti et alJ (l2004ai) and S04. In order to derive 
a more robust relation between the absolute Mk magni- 
tude and the metallicity, the best-fit t ing re lation has been 
obtained by using also the lCho fc Led ()2002i) data. The com- 
parison between the obse rvational data a n d the theoretical 
predictions based on the IStraniero et alJ (Il997t hereafter 
SCL97) models, shows an excellent agreement. The inferred 
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Table 2. Near-IR and Bolometric RGB Bump magnitudes for the observed clusters. 



Name 


[Fe/H]cG97 


[M/H] 


J 


H 


K 






M 92 


-2.16 


-1.95 


12.85±0.05 




12.35±0 


05 


-0.52±0.21 


M 15 


-2.12 


-1.91 


13.55±0.05 


13.05±0.05 


12.95±0 


05 


-0.29±0.21 


M 68 


-1.99 


-1.81 


13.35±0.05 




12.80±0 


05 


-0.41±0.21 


M 30 


-1.91 


-1.71 












M 55 


-1.61 


-1.41 


12.35±0.05 




11.75±0 


05 


-0.17±0.21 


u) Cent") 


-1.60 


-1.39 


12.40±0.05 




11.80±0 


05 


-0.02±0.22 


NGC 6752 


-1.42 


-1.21 


11.90±0.05 


11.35±0.05 


11.25±0 


05 


0.08±0.21 


M 10 


-1.41 


-1.25 












M 13 


-1.39 


-1.18 


13.05±0.05 




12.40±0 


05 


0.02±0.21 


M 3 


-1.34 


-1.16 


13.70±0.05 




13.10±0 


05 


0.13±0.21 


M 4 


-1.19 


-0.94 




- 








NGC 362 


-1.15 


-0.99 


13.80±0.05 


13.25±0.05 


13.15±0 


05 


0.53±0.21 


M 5 


-1.11 


-0.90 


13.25±0.05 




12.65±0 


05 


0.33±0.21 


NGC 288 


-1.07 


-0.85 


13.75±0.05 


13.25±0.05 


13.20±0 


05 


0.51±0.21 


M 107 


-0.87 


-0.70 


13.25±0.05 




12.50±0 


05 


0.45±0.21 


NGC 6380 


-0.87 


-0.68 


15.15±0.05 


14.25±0.05 


13.95±0 


05 


0.64±0.22 


NGC 6342 


-0.71 


-0.53 


14.65±0.10 


13.85±0.10 


13.75±0 


10 


0.97±0.22 


47 Tuc 


-0.70 


-0.59 


12.65±0.05 


12.15±0.05 


12.05±0 


05 


0.79±0.21 


M 69 


-0.68 


-0.55 


14.25±0.05 




13.53±0 


05 


0.88±0.21 


NGC 6441 


-0.68 


-0.52 


15.70±0.05 


14.85±0.05 


14.77±0 


05 


0.95±0.22 


NGC 6624 


-0.63 


-0.48 


14.45±0.05 


13.60±0.05 


13.65±0 


05 


1.02±0.22 


NGC 6440 


-0.49 


-0.40 


15.30±0.05 


14.35±0.05 


14.13±0 


05 


1.21±0.22 


NGC 6553 


-0.44 


-0.36 


14.05±0.1 




13.05±0 


10 


1.32±0.22 


NGC 6528 


-0.38 


-0.31 


15.10±0.1 




14.05±0 


10 


1.54±0.22 



(a) The observed RGB Bump magnitudes are from S04. 
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Figure 2. RGB Bump absolute K (a), H (b) and J (c) mag- 
nitudes as a function of the cluster metallicity in the CG97 
scale. Filled circle s : prog ram clusters; empty squares: clusters 
in the ICho fc Leei I2OO21) dataset; empty triangles: NGC 6553 
and NGC 6528 with the most recent metallicity estimates from 
ICarretta et al.l i200ll) . Solid lines are our best- fitting relations to 
the data. 



Figure 3. RGB Bump absolute K (a), H (b) and J (c) magni- 
tudes as a function of the cluster metallicity in the global metal- 
licity scale ([M/H]). Notation as in Fig. 121 Solid lines are our 
best-fitting relations to the data. The dotted and dashed lines 
in panel (a) are the theoretical predictions by SCL97 models at 
t=12 and 14 Gyr. 
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Figure 4. J, H and K absolute magnitude of the RGB Tip 
as a function of the metallicity in the CG97 scale for the en- 
tire clusters sample. The empty triangles refer to NGC 6553 
and NGC 652 8 with the most recent metallicity estimates by 
ICarretta et al] feooH) . Two points (filled circles) have been plot- 
ted for NGC 6380 (see §4.6 for the discussion) and connected by 
a dotted line. The solid lines are our best-fitting relations. 

best-fitting relations to the observed points (also reported in 
each panel of Figs. |21and|21with the corresponding standard 
deviation) are as follows: 

j^Bump ^ Q gg ^ 2.03[Fe/ff]cG97 + 0.41[Fe/ff]^G97 (1) 
j^Bumv ^ _Q 33 ^ i.32[Fe/i?]cG97 + 0.2l\Fe/ Hfca^r (2) 
j^Bumv ^ _Q Qg ^ i.82[Fe/i?]cG97 + 0.36[Fe/i?]^G97 (3) 
^Bump ^ Q ^ 2.31[M/H] + 0.56[M/Hf (4) 
j^Bump ^ _Q 3g ^ 1 53[A,//^] ^ o.38[M/Hf (5) 
jy^Bump ^ Q -^^ ^ 2.07[M/H] + 0A9[M/Hf (6) 

3 THE RGB TIP 

The evolution along the RGB ends at the so-called RGB 
Tip with the helium-ignition in the stellar core. In globular 
cluster stars this event is moderately violent (the so-called 
helium-flash) because it takes place in a electron-degenerate 
core. The luminosity of the RGB Tip is a quantity well 
predicted by the theoretical models and, in recent years it 
has been widely used as a standard candle to estimate dis- 
tance to various stellar systems. In fact, the RGB reaches 
its maximum extension in luminosity, for stellar populations 
older than r~l — 2 Gyr (i.e. when stars less massive than 
M«2.0Mq are evolving) and it remains approximately con- 
stant increasing the age of the population. For this reason 
the method can be (in principle) successfully applied to a 
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Figure 5. J, H and K absolute magnitude of the RGB Tip as 
a function of the global metallici t y sca le for the program clus- 
ters, estimates by ICarretta et ahl i200ll) . Notation as in Fig. HI 
The solid lines are our best-fitting relations, the dashed lines are 
the theoretical predictions by COO and the dot-dashed line is the 
SCL97 model. 

variety of galaxies where a significant fraction of the pop- 
ulation be sufficiently old to have developed the full exten- 
sion of the RGB. GGCs are the best template simple stellar 
populations where the RGB luminosity can be empirically 
calibrated as a function of metallicity. In this framework 
our group is currently performing accurate empirical cali- 
brations of the RGB Tip luminosity in various photometric 
passbands, in order to increase the potentiality and the ap- 
plicability of this method to the definition of the distance 
scale. 

Here we present a new calibration of the RGB Tip mag- 
nitudes with varying metallicity in the near-IR J, H and 
K bands. We adopt the metho d used in previous papers 
(see FOO and lValenti et alJ2004a^ . by assuming the brightest 
non- variable star as representative of the RGB Tip level. Ob- 
viously, particular care was payed to decontaminate the sam- 
ple from background field stars and, more crucial, from the 
presence of Asymptotic Giant Branch (AGB) stars, which 
however, are significantly less numerous than RGB stars, 
given their much faster evolutionary rate. Moreover in low- 
-intermediate metallicity clusters no long-period AGB stars 
are expected. 

The observed J, H and K magnitudes of the RGB Tip 
for the global sample are hsted in Table El Fig. H and 
show the absolute RGB Tip magnitudes a function of the 
cluster metallicity in both the adopted scales. Two points 
have been plotted for NGC 6380. As discussed in Paper I, its 
RGB shape and its well-defined HB clump suggest a metal- 
licity higher than 47 Tuc, thus it is expected to have several 
bright variable AGB stars populating the upper part of the 
RGB, but none of them have been identified yet and a clear 
discrimination was not possible. Hence, since the brightest 
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Table 3. Observed and Bolometric RGB Tip magnitudes. 



Name 




[M/HJ 


J 


rl 


Iv 




M 92 


-2.16 


-1.95 


9.64±0.25 


_ 


8.92±0.26 


-3.64±0.26 


M 15 


-2.12 


-1.91 


10.20±0.21 


9.55±0.23 


9.42±0.20 


-3.55±0.20 


M 68 


-1.99 


-1.81 


10.26±0.38 


_ 


9.51±0.40 


-3.37±0.40 


M 30 


-1.91 


-1.71 


9.45±0.29 


8.94±0.35 


8.67±0.35 


-3.70±0.35 


M 55 


-1.61 


-1.41 


8.59±0.27 


_ 


7.77±0.28 


-3.71±0.28 


ui Cent") 


-1.60 


-1.39 


8.59±0.06 


7.81±0.08 


7.70±0.06 


-3.59±0.16 


NGC 6752('') 


-1.42 


-1.21 


7.84±0.25 


6.99±0.25 


6.72±0.28 


-3.65±0.28 


M 10 


-1.41 


-1.25 










M 13 


-1.39 


-1.18 


9.20±0.28 




8.25±0.32 


-3.59±0.32 


M 3 


-1.34 


-1.16 


9.78±0.24 




8.85±0.24 


-3.61±0.24 


M 4 


-1.19 


-0.94 




- 






NGC 362 


-1.15 


-0.99 


10.02±0.22 




8.65±0.21 


-2.90±0.21 


M 5''=) 


-1.11 


-0.90 


9.07±0.29 




8.04±0.28 


-3.64±0.28 


NGC 288 


-1.07 


-0.85 


9.36±0.25 




8.51±0.25 


-3.80±0.25 


M 107 


-0.87 


-0.70 


8.94±0.34 




7.67±0.40 


-3.57±0.40 


NGC 6380 


-0.87 


-0.68 


10.37±0.22 


9.12±0.23 


8.75±0.22 


-3.88±0.22 


NGC 6342 


-0.71 


-0.53 


9.71±0.29 


8.67±0.33 


8.35±0.32 


-3.70±0.32 


47 Tuc 


-0.70 


-0.59 


7.88±0.19 


6.93±0.21 


6.69±0.19 


-3.71±0.19 


M 69 


-0.68 


-0.55 


9.57±0.23 




8.43±0.25 


-3.51±0.25 


NGC 6441 


-0.68 


-0.52 


10.47±0.21 


9.49±0.21 


9.12±0.20 


-3.90±0.20 


NGC 6624 


-0.63 


-0.48 


9.30±0.32 


8.37±0.32 


8.08±0.31 


-3.85±0.31 


NGC 6440 


-0.49 


-0.40 


10.02±0.23 


8.85±0.21 


8.33±0.21 


-3.82±0.21 


NGC 6553 


-0.44 


-0.36 


8.56±0.27 




6.92±0.27 


-3.86±0.27 


NGC 6528 


-0.38 


-0.31 


9.16±0.24 




7.85±0.25 


-4.06±0.25 



(a) RGB Tip magnitudes from^ellazzin^^al^ (^X^^. 

(b) RGB Tip magnitudes refer to star 19110813 - 6001517 in the 2MASS catalog. 

(c) RGB Tip magnitudes refer to star 15183604 -|- 0206373 in tlie 2MASS catalog. 



star could be a long-period variable, we also consider as 
the possible candidate RGB Tip star the reddest among the 
brightest four stars in our photometry (the two filled circles 
connected by a dotted line in Fig. 3] and (SJ. Note that the 
region mapped by our observations covers the inner 4' x 4' in 
each cluster (see Paper I), which allows us to sample a signif- 
icant fraction of the cluster light (typically ~30%). However, 
in order to further check that we caught the brightest RGB 
star, we also accurately inspect the CMD of the external 
regions obtained from the 2MASS catalog. Due to its poor 
angular resolution («2"), the 2MASS survey is certainly not 
suitable to properly sample the innermost regions of GGCs, 
but it can be successfully used to sample the most exter- 
nal regions. In two cases (namely M 5 and NGC 6752) a 
star in the 2MASS catalog brighter than those sampled by 
our observations and lying along the cluster RGB ridge line 
has been found. Thus, for these two clusters we assumed 
the magnitudes of the 2MASS stars as best estimate of the 
RGB Tip. Note that in the case of M 5, the new estimate 
found h ere replaces the previous estimate bv.yalenti et al. 

Figs. ID and |5] also report the RGB Tip determination for 
the dominant populat ion of ui Gen recently obtained by 
iBellazzini et al.l (|2004!). a; Cen is the most massive stellar 
system in the Galactic halo (its mass is «1 order of magni- 
tude larger than the one of normal clusters), and its RGB 
Tip level was measured from the sharp cut-off of the RGB 
LF detected by applying the edge-detector filter (the so- 



-called Sobel filter). In order to include this measure in our 
sample, we adopt the metallicity of the dominant popula- 
tion ([Fe/H]cG97=-1.60, [M/H]=-1.39), the distance modu- 
lus ((m- M)o=13.70) and the r eddening (E(B-V)=0.11), as 
done bv IBellazzini et al.l (|200i). 

The inferred best-fitting relations to the observed points 
(also reported in each panel of Figs. |3]and|S]with the corre- 
sponding standard deviation) are as follows: 



M'/^ = -5.67 - 0.31[Fe/i?]cG97 (7) 

Ml'^ = -6.71 - QA7[Fe/H]cG97 (8) 

Ml'^ = -6.98 - 0.58[Fe/i?]cG97 (9) 

= -5.64 - 0.32[A'////] (10) 

M^j'^ = -6.66 - 0A9[M/H] (11) 

M"" = -6.92 - 0.&2[M/H] (12) 



Statistical fiuctuations are the main source of uncer- 
tainty, since the upper region of the RGB is intrinsically 
poorly populated. Following FOO, we computed the expected 
error on the basis of the number of stars in the brightest two 
magnitude bin along the RGB. For the program clusters, the 
cystat ranges from 0.03, for the most populated up to 0.32 
for the least populated clusters. In order to minimize the 
statistical fiuctuations, complementary data from 2MASS 
were also used and the cyatat of our data was re-computed 
on the combined sample. The derived astat value have been 
considered as representative of the main uncertainty in the 
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Figure 6. Bolometric magnitudes of the RGB Bump as a func- 
tion of the cluster metallicity in both the adopted metallicity 
([Fe/H]cG97-panel (a) and [M/H]-panel (b)) scales. The solid 
lines are our best-fitting relations, the dashed line in panel (b) 
is the theoretical prediction by SCL97 models at t=12 and 14 
Gyr. 



Figure 7. Bolometric magnitudes of the RGB Tip as a func- 
tion of the cluster metallicity in both the adopted metallicity 
([Fe/H]cGg7-panel (a) and [M/H]-panel (b)) scales. The solid 
lines are our best-fitting relati ons. Two theoreti cal predictions 
have bee n plotted in panel (b^ijCaloi et al.l Jl997l C97) (dotted 
line) and lSalaris fc CassisiHl997l . SG97') (dashed line). 



determination of the RGB Tip. Of course, the accuracy of 
the RGB Tip estimate in uj Cen (0. 16, 0.18 and 0.16 magin 
J, H and K bands, respectively, see iBellazzini e t al. (20(3)) 
is by far significantly higher than that obtained in the other 
clusters. As can be seen from Fi g. E) our derived re lations 
and the theoretical predictions bv lCassisi et al.l i2000l here- 
after COO) and by SCL97 are in excellent agreement in all 
the three bands. 



4 THE THEORETICAL PLANE 

Accordingly to FOO, the magnitudes of the RGB Bump and 
Tip were transformed in the theoretical plane by using the 
bolometric corrections fo r Population II giants computed by 
iMontegriffo et all ||l993). Fig. |H] shows the bolometric mag- 
nitudes of the RGB Bump for the program clusters. Two 
quadratic relations giving RGB Bump bolometric magni- 
tude as a function of both the adopted metallicity scales 
have been derived: 

Mg^r = 2.13 + 2M[Fe/H]cG97 + 0.38[Fe/ H]Ig97 (13) 

Ml™*' = 2.03 + 2.30[M/H] + 0.54[Af/J/]^ (14) 

The comparison between the empirical estimates and 
the theoretical predictions based on the SCL97 models 
(dashed line in panel [b] of Fig. show an excellent agree- 
ment. Finally, Fig. [7| shows the bolometric magnitudes of 
the RGB Tip for the program clusters with varying metal- 
licity in both the CG97 and global scales. The best-fitting 
relations to our data (solid line in Fig.|7|l are: 

Mll^i = "3.87 - 0.18[Fe/H]cG97 (15) 



Mb7i = -3.85 - 0.19[M/H] (16) 

Two theoretical relations have b een overplotted in 
panel (b) of Fig . [71 ICaloi et al.l (dotted line) and 

ISalaris fc Cassisil (Il997l) (dashed line), respectively. Both 
models nicely agree with observations. As remarked by FOO, 
the theoretical models have to be considered as an up- 
per luminosity boundary of the observed estimates because 
of the statistical fluctuations affecting the observed RGB 
samples, intrinsicall y poorly populated in glo bular clusters 
tCastcllan i. DcglT imocenti fc Luridianalll99j) . 



5 CONCLUSIONS 

New calibrations of the RGB Bump and Tip in the J, H and 
K bands as well as in bolometric , based on a global sample 
of 24 GGCs, have been presented. The behaviour of these 
evolutionary features have been investigated with varying 
the cluster metallicity in the CG97 and global scale, thus 
taking into account the effect of the a-enhancement. 
Quadratic and linear best-fitting relations linking the RGB 
Bump and Tip magnitudes and metallicity, respectively, 
have been obtained (see eqs. 1-16). Comparisons between 
observations and theoretical models show a good agreement. 
The RGB Bump and Tip represent powerful tools to obtain 
independent estimates of metallicity and distance, respec- 
tively, in old stellar systems within the Local Group. The 
new IR adaptive optics facilities available at ground-based 
8m-class telescopes as well as the future imaging capabili- 
ties of the James Webb Space Telescope are allowing to use 
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the RGB Tip distance indicator in galaxies well beyond the 
Local Group, up to a few Mpc away. 
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